This case report compared and contrasted calculations for dosing recombinant activated factor VII (rFVIIa) in a morbidly obese patient using estimation of blood volume rather than actual weight or ideal body weight (IBW). A specific case report in a morbidly obese, critically ill patient with new diagnosis of acquired hemophilia A (AHA) was presented. A 64-year-old morbidly obese patient with AHA required emergent surgery for perforated diverticulitis and peritonitis. The patient required bypass treatment with rFVIIa and was initially dosed based on actual weight of 167 kg (body mass index 61). The patient had a history of deep vein thrombosis and new onset of atrial fibrillation. Based on numerous risk factors for both bleeding and the potential for thromboembolism, the rFVIIa dose was adjusted based on calculations using adjusted body weight and blood volume principles, which decreased dosage by 40%, from 15 to 9 mg. With no active bleeding, rFVIIa dosage was adjusted and rotating thromboelastography testing was added to coagulation parameter monitoring. With this change in dosage, hemostasis was maintained and 132 mg of rFVIIa was saved over an 8-day treatment period. There is very limited literature to direct clinicians on rFVIIa dosing in morbidly obese patients. Since obesity is prevalent in all patient populations, clinicians should consider an estimation of blood volume as a means to dose rFVIIa. Adjusting the dose of rFVIIa to account for changes in blood volume is a physiologic target that should help balance the risk of underdosing using IBW and the risk of overdosing using actual body weight.
Introduction
Acquired hemophilia A (AHA) is a rare disease caused by the spontaneous development of autoantibodies to endogenous factor eight (FVIII) [1] . These autoantibodies neutralize the function of endogenous FVIII, resulting in acute bleeding episodes and the need for prompt hemostatic control [1] . Patients who develop AHA have been found to be at risk for more severe bleeding episodes than those with congenital hemophilia having comparable FVIII levels [1] . Due to the presence of the inhibitor autoantibodies, replacement with FVIII concentrate is generally not effective. The medical management approach of AHA is twofold: first is to control bleeding with factor eight inhibitor bypassing agent (FEIBA) or recombinant activated factor VII (rFVIIa) and second is to control inhibitor antibodies via plasmapheresis, steroids, cyclophosphamide or rituximab [1, 2] .
In a critically ill patient with AHA, the risk for bleeding presents a challenge since hematologic product use may not guarantee hemostasis [2] . Normally, factor VIIa and FEIBA replacement is dosed on a per-kilogram basis of actual body weight and there is no mention of exceptions for patients with extreme weight or body mass index (BMI) [3, 4] . However, since blood volume and therefore plasma volume do not increase proportionately with the increase in fatty tissue, the dose calculation may better correlate to lean body mass [5, 6] . Use of actual body weight in morbidly obese patients may result in overdosing, which can potentially lead to unintended thrombosis in the way of pulmonary embolism or stroke.
Very limited literature exists to direct clinicians on clotting factors or bypass agent dosing in obese patients. Since obesity (defined as BMI ≥ 30) occurs in 35.1% of adults over age 20 in the United States [7] , and 34.5% of adults in the hemophilia population [8] , clinicians need dosing tools based on pharmacokinetic principles to help them optimize the dosing of these lifesaving medications. The need for judicious dosing is underscored in obese patients with a BMI ≥ 40 (grade 3), which now makes up 6.4% of the US population [7] . which was treated with intravenous metoprolol. During the 5-day stay, the patient received rituximab (1,000 mg) and discharge medications included insulin, oral hypoglycemics, and a prednisone taper. Symptoms of abdominal pain, vomiting, and spontaneous bleeding to trunk and extremities prompted a return to the hospital within 8 h of discharge. On arrival, the patient was tachycardic with atrial fibrillation and laboratories: WBC 1,720/ mm 3 , platelets 78,000/mm 3 , and glucose 240 mg/dL. Abdominal CT scan showed free air and diffuse mesenteric stranding. Prior to operating, rFVIIa 15 mg was given (90 µg/kg) using admission body weight of 167 kg (BMI 61). An emergent sigmoid colectomy was performed, during which 8,176 units of FEIBA (50 units/kg), albumin (500 mL), and 2 units of platelets were given. Operative blood loss was estimated at 150 mL. Operative pathology confirmed acute diverticulitis with perforation.
The patient was admitted to the surgical intensive care unit (SICU) and started on rFVIIa 15 mg every 6 h. Broad spectrum antibiotics were started with ventilatory and cardiovascular support with norepinephrine. Over the next 24 h, the patient received five doses of rFVIIa (15 mg each) and FEIBA (2,555 units). On postoperative day 1, the patient developed = 70 mL/kg × 167 kg = 11,690 mL Indexed blood volume by actual weight: = 42 mL/kg × 167 kg = 7,014 mL Solve for "x" using ratio for indexed dose: (x/7,014 mL) = (15 mg/11,690 mL) x = (15 mg × 7,014 mL)/11,690 mL = 9 mg ( 9,000 μg)
The blood volume corrected for increasing BMI by Lemmens et al [5] formula is 40% lower than the uncorrected empiric estimate of 70 mL/kg used for non-obese adults. This line of reasoning assumes that plasma volume change is equal to blood volume change. CF: standard pharmacy correction factor; SQRT: square root.
Dosing Coagulation Factors for Obesity J Hematol. 2016;5(1):60-66 atrial fibrillation, and was treated with intravenous amiodarone. Per the new AHA diagnosis and atrial fibrillation along with a calculated CHADS 2 score of 2, the decision was made not to anticoagulate. By postoperative day 2, the pharmacy team, in collaboration with SICU physicians and hematology service, discussed the relative and potential risk of thromboembolism for this patient who could not be anticoagulated. The possibility of basing the rFVIIa dosage on ideal body weight (IBW) or using an adjusted body weight with a correction factor was discussed. Literature was consulted, but nothing was found to guide rFVIIa dosing for morbid obesity. In addition, literature was sought to estimate changes in blood volume for the morbidly obese. An article by Lemmens et al, which estimated blood volume based on the patient's BMI, was found and a proportional dose was calculated that was equal to a dose calculated using adjusted body weight with a correction factor of 0.4 [5] . Since the patient had no active bleeding, the decision was made to reduce rFVIIa dosage (Table 1) and follow with standard coagulation surveillance adding rotating thromboelastography (ROTEM).
Over the ensuing SICU stay, the following coagulopathy treatment was delivered: 1,000 mg dose rituximab, 4 units platelets, 1 unit packed red blood cells, and 22 rFVIIa doses of 9 mg (Fig. 1) . On postoperative day 3, the patient requested "do not resuscitate" status; on day 7, insisted on comfort care; and expired on day 8. Throughout admission, hemostasis was maintained and there were no thrombosis-related complications.
Discussion
Recombinant Factor VIIa is a coagulation factor and, therefore, resides primarily in plasma with a very small volume of distribution of 0.108 L/kg [9] . Neither total blood volume nor plasma volume increases proportionately with total body weight [5, 6] . The standard preoperative indexed blood volume assessment for non-obese adult patients is 70 ± 5 mL/kg; however, this equation markedly overestimates total blood volume in morbidly obese patients [5] . Lemmens et al developed an equation that estimated indexed blood volume for morbidly obese patients based on BMI values [5] . In the present case, the blood volume using the standard estimate of 70 mL/kg was calculated to be 11,690 mL, but using Lemmens' formula (Table 1) , the corrected blood volume of 42 mL/kg was calculated to be 7,014 mL.
Using a simple proportion based on the corrected blood volume (15 mg × (42 mL/kg/70 mL/kg)), an adjusted rFVIIa dose of 9 mg would approximate a similar blood concentration, and therefore, closely approximate the same pharmacologic effects. In the present case, both the proportional calculation using the corrected blood volume and an adjusted body weight using a correction factor of 0.4 approximated a dose of 9 mg (Table 1 ). The recommended dose for rFVIIa when used as a bypass agent is 70 -90 µg/kg every 2 -3 h or until hemostasis is achieved [4] . Our patient achieved hemostasis quickly and the dosage interval was extended to every 6 h. Although PTs have not been shown to directly predict bleeding outcomes, a shortening of the PT after administration of rFVIIa does suggest the presence of pharmacologic activity [4] . In the present case, we obtained standard coagulation parameters, as well as ROTEM testing (Fig. 1, Table  2 ). We are unaware of studies that have established ROTEM monitoring to assess the dosing of rFVIIa; however, because rFVIIa exerts influence on the extrinsic coagulation pathway, we speculated that persistently abnormal values in the Extem portion of the ROTEM analysis would imply inadequate rFVIIa dosing. As shown in Table 2 , the initial Extem revealed a prolonged clotting time (CT) on postoperative day 1, but all subsequent Extem parameters were consistently in the therapeutic ranges, even though Intem parameters were reflective of an abnormal intrinsic coagulation pathway (i.e. acquired factor VIII deficiency). It is also notable that with the adjusted dose of rFVIIa, PT levels were maintained at < 0.9 -0.95 s, suggesting a robust presence of pharmacologic activity from rFVIIa (Fig. 1) .
The proportional calculation we employed highlights several important points. Firstly, the blood volume calculation using the standard 70 mL/kg for non-obese patients results in a 40% larger blood volume than the blood volume corrected for BMI. Secondly, the reduced dose of 9 mg should achieve the same concentration and the same pharmacologic effect if the blood volume estimate is accurate. Thirdly, if the uncorrected dose of 15 mg were used, and the blood volume was 40% lower, this would result in a 40% higher rFVIIa concentration, potentially increasing the risk for thrombosis. Of note, we have not discussed the effect of morbid obesity on change in elimination of rFVIIa. Using pharmacokinetic principles, large volumes of distribution with no change in clearance prolong the elimination half-life and allow longer dosing intervals to achieve the same concentration [10] . Lastly, using IBW for the rFVIIa calculation results in a dose of only 5 mg. This calculation may significantly underestimate the blood volume contribution of morbid obesity, resulting in signifi- Figure 2 . Simulation illustrating dosing (mg) with varying BMI using blood volume, IBW, adjusted body weight with CF, and actual weight. The graphic illustrates the significant variability in dose depending on the weight used to calculate the rFVIIa dose. The values were calculated based on a theoretical case: female of 66 inches in height with increasing weight as noted with BMI values ranging from 25 to 63 kg/m 2 . Weight increase for each increment was 10 pounds. The graph highlights the substantial difference between using the actual body weight and ideal body weight (IBW). Because blood volume increases with increasing BMI, IBW may result in underdosing a morbidly obese patient. Using an estimation of blood volume to calculate the rFVIIa dose still results in a significant difference compared to actual body weight; however, the dose increases gradually with increasing weight, as does the blood volume. Adjusted body weight was included in the graphic, but it should be noted that the correction factor was calculated based on the percent change in blood volume. *Correction factor.
Lonardo et al J Hematol. 2016;5(1):60-66 cant underdosing. This case presents several important and difficult therapeutic dilemmas with multiple complicating factors. This case involves the diagnosis of recent AHA with inhibitors and a high Bethesda titer, which eliminated the option for factor VIII concentrate. Secondly, initial treatment consisted of rituximab and prednisone, but the patient suffered from significant hyperglycemia and an abdominal catastrophe and sepsis, complicated by cardiac arrhythmias. Combining a history of DVT, age, morbid obesity, and recent abdominal surgery, the risk for thromboembolism was very high. Because of the combined risks for bleeding and thrombosis, it was crucial that the bypass treatment be carefully dosed and monitored closely.
Over the last two decades, there has been a large influx of Food & Drug Administration-approved biological products, but there is still no requirement for manufacturers to perform pharmacokinetic studies in the obese population [11] . With the rate of obesity in the hemophilia population paralleling the general population [8] , this is an important issue for all treating clinicians. Most biological products, by nature of their large molecular size and relatively small volume of distribution, reside primarily in blood and plasma. There is a deficit of current standards to assist clinicians in dosing of medications like coagulation factors in obese patients [11] . Given that neither blood nor plasma volume increases proportionately with total body weight, we believe a proportional blood volume calculation using Lemmens et al's formula [5] is a reasonable approach to effectively dose coagulation factors in morbidly obese patients (Fig. 2) .
In addition to those patients with coagulopathies being treated in an ICU setting, there are other critical care populations for which rFVIIa is being used, which primarily include trauma and cardiac surgery patients. The data examining dosing and the risks and complications reported, particularly thromboembolic, are conflicting and often call for more research into causality [12] [13] [14] [15] [16] [17] .
Conclusion
In summary, we achieved successful hemostasis in a morbidly obese, ICU patient using an adjusted body weight with a 0.4 correction factor, which correlated precisely with a proportional dose based on a corrected blood volume. In addition to establishing a safe and effective dosing regimen, a total of 132 mg of rFVIIa was saved. Considering that rFVIIa costs $1.53±20% per/µg, the result led to significant cost savings of approximately $200,000 [18] . In the current climate of medication shortages and increasing healthcare costs, this case report serves to highlight the need to be mindful of resource allocation and conservation when able. We caution clinicians that this by no means suggests that treatment should be changed based on this one example. However, given the increased rate of obesity, manufacturers should investigate the effect of obesity on the pharmacokinetics and safety of drug dosing [11] . We hope this case will encourage critical care and hematologic disciplines to address dosing standards in the obese population based on pharmacokinetic principles.
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